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(54) Electronic-parts mounting apparatus 

(57) Cassettes contain electronic parts. First and 
second feeders are operative for feeding the electronic 
parts from the cassettes. A first mounting head has 
sucking nozzles for picking up the electronic parts fed 
by the first feeder. A second mounting head has sucking 
nozzles for picking up the electronic parts fed by the 
second feeder. A table arrangement is operative for 
holding a printed circuit board. The first and second 
mounting heads are alternately moved along a first 
direction to a region above the printed circuit board on 
the table arrangement. The table arrangement includes 
a mechanism for moving the printed circuit board on the 
table arrangement in a second direction perpendicular 
to the first direction. Also, the table arrangement 
includes a mechanisms for rotating the printed circuit 
board on the table arrangement about an axis perpen- 
dicular to both the first and second directions. The suck- 
ing nozzles of the first mounting head place the 
electronic parts on the printed circuit board on the table 
arrangement when the first mounting head is in the 
region above the printed circuit board. The sucking noz- 
zles of the second mounting head place the electronic 
parts on the printed circuit board on the table arrange- 
ment when the second mounting head is in the region 
above the printed circuit board. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to an apparatus for automati- 
cally mounting electronic parts on a printed circuit 
board. 

Description of the Related Art 

Japanese published unexamined patent application 

6- 85492 discloses an electronic-parts mounting appa- 
ratus which handles electronic parts (electronicicompo- 
nents) carried on a tape. The apparatus of Japanese 
application 6-85492 includes an electronic-parts feeder 
having a cassette for feeding taped electronic parts one 
by one. The apparatus of Japanese application 6-85492 
also includes a mounting head provided with a sucking 
nozzle for picking up electronic parts (electronic compo- 
nents) from the carrier tape one by one. The sucking r 
nozzle holds the picked-up electronic component. The- 
mounting head is movably supported by a first drive 
shaft. The first drive shaft is movably connected with a 
second drive shaft. The first drive shaft and the second 
drive shaft are perpendicular to each other. The mount- 
ing head can move along an X direction and a Y direc- 
tion perpendicular to each other. The sucking nozzle 
and the mounting head cooperate to receive electronic 
components from the electronic-parts feeder one by 
one, and to carry each of the electronic components to 
a specified position relative to a printed circuit board: 
The electronic components are mounted on the printed 
circuit board one by one. 

The apparatus of Japanese application 6-85492 
further includes an electronic-parts recognizing section 
which detects conditions of an electronic component 
held by the sucking nozzle. Specifically, the electronic- 
parts recognizing section detects a positional error 
between the electronic component and the sucking noz- 
zle. The detected positional error is used in correcting 
the positioning of the electronic component relative to 
the printed circuit board by the mounting head. 

The apparatus of Japanese application 6-85492 
mounts electronic parts (electronic components) on a 
printed circuit board one by one. Accordingly, the speed 
or rate of mounting one electronic component tends to 
be low. 

Japanese published unexamined patent application 

7- 202491 discloses an electronic-parts mounting appa- 
ratus which includes a mounting head having a plurality 
of sucking nozzles arranged along a circle. The mount- 
ing head is intermittently rotated. The sucking nozzles 
pick up electronic parts (electronic components) sup- 
plied by an electronic-parts feeder. The sucking nozzles 
hold the picked-up electronic parts. The apparatus of 
Japanese application 7-202491 also includes an XY 



table supporting a printed circuit board. The XY table 
can move an X direction and a Y direction perpendicular 
to each other. The printed circuit board moves together 
with the XY table. As the mounting head is rotated, each 

5 of the electronic parts held by the sucking nozzles is 
carried to a specified position relative to the printed cir- 
cuit board. The electronic parts are mounted on the 
printed circuit board. The apparatus of Japanese appli- 
cation 7-202491 further includes an electronic-parts 

w recognizing section which detects conditions of an elec- 
; tronic component held by each sucking nozzle. 

The apparatus of Japanese application 7-202491 
tends to be expensive and large in size. 

.15; SUMMARY OF THE INVENTION 

It is an object of this invention to provide an 
improved electronic-parts mounting apparatus. 

A first aspect of this invention provides an elec- 

20 tronic-parts mounting apparatus comprising cassettes 
containing electronic parts; first and second feeders for 
feeding the electronic parts from the cassettes; a first 
. mounting head having sucking nozzles for picking up 
the electronic parts fed by the first feeder; a second 

25 mounting head having sucking nozzles for picking up 
the electronic parts fed by the second feeder; a table 
arrangement for holding a printed circuit board; first 
means for alternately moving the first and second 
mounting heads along a first direction to a region corre- 

30 sponding to a position of the printed circuit board on the 
table arrangement; second means contained in the 
table arrangement for moving the printed circuit board 
on the table arrangement in a second direction perpen- 
dicular to the first direction; third means contained in the 

35 table arrangement for rotating the printed circuit board 
on the table arrangement about an axis perpendicular to 
both the first and second directions; fourth means for 
allowing the sucking nozzles of the first mounting head 
to place the electronic parts on the printed circuit board 

40 on the table arrangement when the first mounting head 
is in the region; and fifth means for allowing the sucking 
nozzles of the second mounting head to place the elec- 
tronic parts on the printed circuit board on the table 
arrangement when the second mounting head , is in the 

45 region. 

A second aspect of this invention is based on the 
first aspect thereof, and provides an electronic-parts 
mounting apparatus further comprising sixth means for 
detecting whether or not the sucking nozzles of the first 

so mounting head fail to pick up the electronic parts, for 
detecting postures of the electronic parts held by the 
sucking nozzles of the first mounting head, and for 
detecting heights of the electronic parts held by the 
sucking nozzles of the first mounting head; and seventh 

55 * means for detecting whether or not the sucking nozzles 
of the second mounting head fail to pick up the elec- 
tronic parts, for detecting postures of the electronic 
parts held by the sucking nozzles, of the second mount- 



2 



3 



EP 0 854 670 A1 



4 



ing head, and for detecting heights of the electronic 
parts held by the sucking nozzles of the second mount- 
ing head. 

A third aspect of this invention is based on the first 
aspect thereof, and provides an electronic-parts mount- s 
ing apparatus wherein the table arrangement comprises 
a motor, a speed-reduction device connected to an out- • 
put shaft of the motor, a table connected to the speed- 
reduction device and rotating as the output shaft of the - 
motor rotates, and a holding member connected to the 10 
table for holding the printed circuit board. 

A fourth aspect of this invention is based on the 
third aspect thereof, and provides an electronic-parts -:v- 
mounting apparatus wherein the table arrangement fur- 
ther comprises means for carrying the printed- circuit ; /_ 75 
board to and from the holding member, and means for 
locating the printed circuit board on the holding mem- 
ber. 

A fifth aspect of this invention is based on the. first 
aspect thereof, and provides an electronic-parts mount- r 20 
ing apparatus further comprising a printed-circuitrboard; . 
feeder for feeding the printed circuit board to the. table 7- -> 
arrangement, and a printed-circuit-board carrier for car- . r ; 
rying the printed circuit from the table arrangement. - 

A sixth aspect of this invention is based on thefirst 25 
aspect thereof, and provides an electronic-parts mount- 
ing apparatus further comprising a motor; and a power 
transmission mechanism connected between the motor 
and the printed-circuit-board feeder. -.c •< ; 

A seventh aspect of this invention is based on the 30 
fifth aspect thereof, and provides an electronic-parts v. 
mounting apparatus wherein the printed-circuitTboard... 
feeder comprises guide members for guiding opposite .-. 
sides of the printed circuit board, respectively. • 

An eighth aspect of this invention is based on the 35 
fourth aspect thereof, and provides an electronic-parts 
mounting apparatus further comprising a motor, and a 
power transmission mechanism connected between the 
motor and the locating means in the table arrangement. 

A ninth aspect of this invention is based on the fifth 40 
aspect thereof, and provides an electronic-parts mount- 
ing apparatus further comprising a stopper for stopping 
the printed circuit board at a predetermined position 
above the table arrangement which is fed by the printed- . 
circuit-board feeder. 45 

A tenth aspect of this invention is based on the first 
aspect thereof, and provides an electronic-parts mount- . 
ing apparatus wherein the cassettes comprise a bulk- 
type cassette containing electronic parts in bulk, and a 
taping-type cassette containing chip-type electronic, so 
parts attached to a tape at given intervals. 

An eleventh aspect of this invention is based on the 
first aspect thereof, and provides an electronic-parts 
mounting apparatus wherein the sucking nozzles of the . 
second mounting head places the electronic parts on ss 
the printed circuit board on the table arrangement while 
the sucking nozzles of the first mounting head pick up 
the electronic parts fed by the first feeder, and wherein 



the sucking nozzles of the first mounting head places 
the electronic parts on the printed circuit board on the 
table arrangement while the sucking nozzles of the sec- 
ond mounting head pick up the electronic parts fed by 
the second feeder. 

A twelfth aspect of this invention is based on the 
first aspect thereof, and provides an electronic-parts 
mounting apparatus wherein the sucking nozzles of the 
first and second mounting heads are arranged at a pitch 
corresponding to a pitch between paths of feed of elec- 
tronic parts from the cassettes. 

A thirteenth aspect of this invention is based on the 
first aspect'thereof, and provides an electronic-parts, 
mounting-apparatus wherein each of the first and sec- 
ond mounting heads comprises a motor, a cam member 
connected to an output shaft of the motor, a cam fol- 
lower, engaging the cam member, . a plate connected to 
the cam; follower and holding the sucking nozzles, the 
sucking nozzles ; being elevated and lowered as the but- 
put shaft :d the motor rotates. 

A fourteenth aspect of this invention is based on the 
thirteenth; aspect thereof, and provides an electronic- 
parts.mounting apparatus further comprising means for 
varying lower limit positions of the sucking nozzles by 
controlling a range of rotation of the output shaft of the 
motor witrrrespect to the cam member. 

A fifteenth aspect of this invention is based on the 
thirteenth aspect thereof, and provides an electronic- 
parts mounting apparatus wherein a speed of move- 
ment of the sucking nozzles is low when the sucking 
nozzles are positionally close to their upper limit posi- 
tions and their lower limit positions. 

A sixteenth aspect of this invention is based on the 
thirteenth aspect thereof, and provides an electronic- 
parts mounting apparatus further comprising means for 
controlling a speed of rotation of the output shaft of the 
motor. . 

A seventeenth aspect of this invention is based on 
the first aspect thereof, and provides an electronic-parts 
mounting apparatus further comprising means for 
simultaneously elevating and lowering the sucking noz- 
zles of the first mounting head, and means for simulta- 
neously elevating and lowering the sucking nozzles of 
the second mounting heads. . 

An eighteenth aspect of this invention is based on 
the first aspect thereof, and provides an electronic-parts 
mounting apparatus further comprising means for 
sequentially elevating and lowering the sucking nozzles 
of the first mounting head at different timings, and 
means for sequentially elevating and. lowering the suck- 
ing nozzles of the second mounting heads at different 
timings. 

A nineteenth aspect of this invention is based on 
thefirst aspect thereof, and provides an electronic-parts 
» mounting apparatus further comprising sixth means for 
selecting at least one sucking nozzle from among the 
sucking nozzles of the first mounting ..head; .seventh 
means, for elevating and lowering the selected sucking 
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nozzle of the first mounting head; eighth means for 
selecting at least one sucking nozzle from among the 
sucking nozzles of the second mounting head; and 
ninth means for elevating and lowering the selected 
sucking nozzle of the second mounting head. s , 

A twentieth aspect of this invention is based on the 
nineteenth aspect thereof, and provides an electronic- 
parts mounting apparatus further comprising tenth 
means for inhibiting sucking nozzles of the first mount- 
ing head which are not selected by the sixth means from 10 
being elevated and lowered by the seventh means; and 
eleventh means for inhibiting sucking nozzles of the . 
second mounting head which are not selected by the 
eighth means from being elevated and lowered by the 
ninth means. < ^ ~1$ 

A twenty-first aspect of this invention is based on 
the thirteenth aspect thereof, and provides an elec--. 
tronic-parts mounting apparatus further comprising : 
springs connected to the sucking nozzles of the first and 
second mounting heads for urging the sucking nozzles ;2o 
downward. .; - - 

A twenty-second aspect of this invention is based 
on the first aspect thereof, and provides an electronic- 
parts mounting apparatus further comprising sixth 
means for detecting whether or not each of the elec- 25 
tronic parts is normally held by the related sucking noz- 
zle of the first mounting head; seventh means for 
removing the electronic parts from the related sucking 
nozzles which are detected by the sixth means to be not - 
normally held by the related sucking nozzles; eighth so 
means for detecting whether or not each of the elec- 
tronic parts is normally held by the related sucking noz- 
zle of the second mounting head; and ninth means for 
removing the electronic parts from the related sucking 
nozzles which are detected by the eighth means to be 35 
not normally held by the related sucking nozzles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of an electronic-parts 40 
mounting apparatus according to a first embodiment of 
this invention. 

Fig. 2 is a front view of the electronic-parts mount- 
ing apparatus in Fig. 1 . 

Fig. 3 is a top view of the electronic-parts mounting 45 
apparatus in Fig. 1. 

Fig. 4 is a front view of an electronic-parts recogniz- 
ing section in the electronic-parts mounting apparatus 
of Fig. 1. 

Fig. 5 is a side view of the electronic-parts recog- so 
nizing section in Fig. 4. 

Fig. 6 is a perspective view of a table arrangement 
in the electronic-parts mounting apparatus of Fig. 1 . 

Fig. 7 is a perspective view of a portion of the table 
arrangement in Fig. 6 with members broken away for ss 
the sake of clarity. 

Fig. 8 is a front view of the table arrangement in Fig. 
6. •• 



Fig. 9 is a top view of an unloader in the electronic- 
parts mounting apparatus of Fig. 1 . 

Fig. 10 is a front view of a first portion of a drive 
mechanism in the electronic-parts mounting apparatus 
of Fig. 1. 

Fig. 1 1 is a front view of a second portion of the 
drive mechanism in Fig. 10. 

Fig. 12 is a side view of carrier rails and related 
members in the electronic-parts mounting apparatus of 
Fig. 1. 

Fig. 13 is a view similar to Fig. 10, showing the drive 
mechanism in a state different from the state shown in 
Fig. 10. 

Fig. 14 is a perspective view of a mounting head in 
the electronic-parts mounting apparatus of Fig. 1. 

Figs. 15 and 16 are front views of the mounting 
head in Fig. 1 4 which are in different states respectively. 

Figs. 17, 18, and 19 are side views of the mounting 
head in Fig. 1 4 which are in different states respectively. 

Fig. 20 is a front view of the mounting head in Fig. 
14. : 

Fig. 21 is a time-domain diagram of vertical dis- 
placement of a sliding shaft in the mounting head of Fig. 
14. 

Figs. 22, 23, 24, and 25 are front views of the elec- 
tronic-parts mounting apparatus in Fig. 1 which are in 
different states respectively. 

Figs: 26, 27, 28, and 29 are front views of the elec- 
tronic-parts mounting apparatus in Fig. 1 which are in 
different states respectively. 

Fig. 30 is a top view of the electronic-parts mount- 
ing apparatus in Fig. 1 which is in a state different from 
the state shown in Fig. 3. 

Fig. 31 is a top view of the electronic-parts mount- 
ing apparatus in Fig. 1 which is in a state different from 
the state shown in Fig. 3. 

Fig. 32 is a sectional view of a sucking nozzle and a 
sliding shaft in a mounting head in an electronic-parts 
mounting apparatus according to a second embodiment 
of this invention. 

Fig. 33 is a view similar to Fig. 32, showing the 
sucking nozzle and the sliding shaft in a state different 
from the state shown in Fig. 32. 

Figs. 34, 35, 36, 37, and 38 are diagrammatic views 
of the mounting head and electronic parts in the second 
embodiment of this invention which are in different 
states respectively. 

Figs. 39, 40, 41, and 42 are diagrammatic views of 
a mounting head and electronic parts in a third embodi- 
ment of this invention which are in different states 
respectively. ■ . - • * 

* - * • . . 

DESCRIPTION OF THE PREFERRED EMBODI - 
MENTS 

First Embodiment 

With reference to Figs. .1, 2, and 3, : an electronic- 
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parts mounting apparatus in a first embodiment of this 
invention includes a housing-like base frame 1 on which 
electronic-pars feeders 2 and 3 are provided. The elec- 
tronic-parts feeder 2 has a set of cassettes 4 arranged 
side by side. The electronic-parts feeder 2 is provided 
with an engagement portion 2A which holds the cas- 
settes 4 in suitable positions respectively. Each of the 
cassettes 4 in the electronic-parts feeder 2 is designed 
to sequentially feed electronic parts (electronic compo- 
nents) with the aid of a suitable drive mechanism asso- 
ciated with the electroni£oarts feeder 2. Similarly, the 
electronic-parts feed^PjT)has a set of cassettes 4 - 
arranged side by side, me electronic-parts feeder 3 is 
provided with an engagement portion 3 A which r holds 
the cassettes 4 ip-^uitable positions respectively.* Each 
of the cassettes 4 p the electronic-parts feeder 3 is 
designed to sequentially feed electronic parts (elec- 
tronic components) with the aid of a suitable; drive 
mechanism associated with the electronic-parts feeder 
3. The electronic-parts feeders 2 and 3 are .separated 
from each other by a predetermined interval. The paths 
of the feed of electronic parts by the electronic-parts 
feeders 2 and 3 extend along a Y direction in a horizon^ . 
tal plane. 

The cassettes 4 in the electronic-parts feeders 2 
and 3 are of the bulk type or the taping type. The bulk- 
type cassettes 4 contain electronic parts in bulk: The 
taping-type cassettes 4 contain chip-type electronic 
parts detachably bonded to a tape at given intervals; 

A controller 23 supported on the base frame 1 con< 
trols various actuators in response to the output signals 
of various sensors. The controller 23 includes a micro- 
computer or a similar device which has a combination^ 
an input/output port, a CPU, a ROM, and a RAM. The 
microcomputer operates in accordance, with a program 
stored in the ROM. Thus, the controller 23 operates in 
accordance with the program. 

A table arrangement 6 supported on the base frame 
1 extends between the electronic-parts feeders 2 and 3. 
An electronic-parts recognizing section 12 is located 
between the electronic-parts feeder 2 and the table 
arrangement 6. The electronic-parts recognizing sec-, 
tion 12 serves to detect conditions of electronic parts 
(electronic components) held by sucking nozzles. The 
electronic-parts recognizing section 12 outputs an elec- 
tric signal to the controller 23 which represents the 
detected conditions of the electronic parts held by the 
sucking nozzles. The electronic-parts recognizing sec- 
tion 12 includes a camera taking an image of each of 
the electronic parts held by the sucking nozzles as 
viewed in an upward direction, and also a camera (or a 
line sensor) taking an image of each of the electronic 
parts held by the sucking nozzles as viewed in a hori- 
zontal direction. The controller 23 responds to the out- 
put signal of the electronic-parts recognizing section 12, 
thereby recognizing the electronic parts and. also decid- 
ing whether or not the electronic parts are normally held 
by the sucking nozzles. Thus, the controller 23 decides 



whether or not the sucking nozzles fail to pick up the 
electronic parts. 

An electronic-parts recognizing section 13 is 

* located between the electronic-parts feeder 3 and the 
5 table arrangement 6. The electronic-parts recognizing 

section 13 serves to detect conditions of electr onic 
pnrtn (Plftrtrnni r ; ™ n r >nnnrrfr ) hnM hy m i king nuzzf g: 
The electronic-parts rec ognizing section 13 outpu fe,aa— 
electricsigna^toihe^or^oller 23 which represents the 
id detected conditions of the electronic parts held by the 
sucking nozzles. The electronic-parts recognizing sec- 
tion 13 . includes a camera taking an image of each of 

• the electronic parts held by the sucking nozzles as 
viewed in an upward direction, and also a camera (or a . 

75 line sensor) taking an image of each of the electronic . , 
parts held by the sucking nozzles as viewed in a hori- 
zontal direction.- The controller 23 responds to the out- 
put signal of the electronic-parts recpgnizing section 13, 
thereby recognizing the electronic parts and also decid- 

20 ing whether or not the electronic parts are normally held 
by the sucking nozzles. Thus, the controller 23 decides 
whether or not the sucking nozzles fail to pick up the 
electronic parts. . 

A defective-parts removing section 17 is located 

25 between* the table arrangement 6 and the electronic- 
parts recognizing .section 12. The defective-parts 
removing section 17 is used in removing electronic 
components from a normal. feed path which are decided 
or founded to be not normally held by the sucking noz- 

30 zles. A defective-parts removing section 18 is located 
between the table arrangement 6 and the electronic- 
parts recognizing section 13. The defective-parts 
removing section 18 is used in removing electronic 
components from a normal feed path which are decided 

35 or founded to be not normally held by the sucking noz- 
zles. 

The table arrangement 6 serves to hold a printed 
circuit board 19 on upper surfaces thereof. The table 
arrangement 6 is slidably supported on a pair of guide 

40 rails 7. The output shaft of a drive motor 1 4 is coupled to 
the table arrangement 6 via a ball screw 5. As the output 
shaft of the drive motor 14 rotates, the table arrange- 
ment 6 slides along the guide rails 7 and moves along 
the Y direction in the horizontal plane, that is, the direc- 

45 tion of the feed of electronic parts by the electronic- 
parts feeders 2 and 3. The drive motor 14 is controlled 
in response to the controller 23. Thus, the table 
arrangement 6 can be controlled by the controller 23. 
Mounting heads 10 and 11 are slidably supported 
- so by a guide rail .or guide rails 8 provided on a lower sur- 
face of an upper member (an upper beam) 9 fixedly con- 
nected to the base frame 1 . Each of the mounting heads 
10 and 11 holds a plurality of movable sucking nozzles 
(movable vacuum nozzles or movable pick-up nozzles) 

55 20. The sucking nozzles 20 can be elevated or lowered 
relative to the bodies of the mounting heads 1 0 and, 1 1 
by suitable actuators which are- controlled in response 
to output signals of the controller 23. The mounting 
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heads 10 and 11 can slide along the guide rail 8 and 
move in an X direction in a horizontal plane. The X 
direction is perpendicular to the Y direction, that is, the 
direction of the feed of electronic parts by the electronic- 
parts feeders 2 and 3. The mounting heads 10 and 1 1 
are driven by suitable actuators which are controlled in 
response to output signals of the controller 23. Thus, 
the mounting heads 10 and 11 can be controlled by the 
controller 23. The mounting heads 10 and 1 1 can move 
independently of each other. 

The mounting head 10 is controlled by the control- 
ler 23. being reciprocated between first and second 
positions along the X direction. When the mounting 
head 10 is in its first position, the sucking nozzles 20 on 
the mounting head 10 pick up electronic parts from the - 
electronic-parts feeder 2. The second position of the 
mounting head 10 corresponds to the position of a 
printed circuit board 19 on the table arrangement 6. 

The sucking nozzles 20 on the mounting head 10 
are arranged at a pitch corresponding to a pitch 
between the paths of the feed of electronic parts from 
the cassettes 4 in the electronic-parts feeder 2. Specifi- 
cally, the pitch between the sucking nozzles 20 on the 
mounting head 10 is equal to the pitch between the 
paths of the feed of electronic parts from the cassettes 
4 in the electronic-parts feeder 2. The pitch between the 
sucking nozzles 20 on the mounting head 10 may be 
equal to an integral multiple of the pitch between the 
paths of the feed of electronic parts from the cassettes 
4 in the electronic-parts feeder 2. 
* The mounting head 1 1 is controlled by the control- ~ 
er 23, being reciprocated between first and second 
positions along the X direction. When the' mounting 
head 1 1 is in its first position, the sucking nozzles 20 on 
the mounting head 11 pick up electronic parts from the 
electronic-parts feeder 3. The second position of the 
mounting head 11 corresponds to the position of a 
printed circuit board 1 9 on the table arrangement 6. : — 
The sucking nozzles 20 on the mounting head 11 
are arranged at a pitch corresponding to a pitch 
between the paths of the feed of electronic parts from 
the cassettes 4 in the electronic-parts feeder 3. Specifi- 
cally, the pitch between the sucking nozzles 20 on the 
mounting head 11 is equal to the pitch between the 
paths of the feed of electronic parts from the cassettes 
4 in the electronic-parts feeder 3. The pitch between the 
sucking nozzles 20 on the mounting head 1 1 may be 
equal to an integral multiple of the pitch between the 
paths of the feed of electronic parts from the cassettes 
4 in the electronic-parts feeder 3. 

A loader 15 is controlled by the controller 23 to 
carry a printed circuit board 19 to the table arrangement 
6. An unloader 16 is controlled by the controller 23 to 
carry the printed circuit board 19 from the table arrange- 
ment 6. The cassettes 4 in the electronic-parts feeder 2 
are driven by a feeding device 21 . The cassettes 4 in the 
electronic-parts feeder 3 are driven by a feeding device 
22. 



The electronic-parts recognizing sections 12 and 
13 have similar structures. Therefore, only the elec- 
tronic-parts recognizing section 12 and related mem- 
bers will be explained in detail. As shown in Figs. 4 and 

5 5, the electronic-parts recognizing section 1 2 includes a 
- camera 27 supported on the base frame 1 . Specifically, 
the camera 27 is attached to a side surface of an I- 
. shaped bracket 25 fixed to an upper surface of the base 
, frame 1. The camera 27 faces upward. The camera 27 

10 has a lens barrel 26. Shafts 24 supported on a body of 
the mounting head 10 extend downward from the body 
of the mounting head 10. Sucking nozzles 20 are con- 
nected to the shafts 24, respectively. The sucking noz- 
zles 20 extend downward from lower ends of the shafts 

75 24, respectively. The camera 27 takes images of elec- 
tronic parts 150 held by the sucking nozzles 20 one 
after another. The camera 27 outputs an electric signal 
to the controller 23 which represents the images of the 
electronic parts 150 held by the sucking nozzles 20. A 

20 line sensor 28 is attached to an upper surface of the I- 
shaped bracket 25. The line sensor 28 has a casing or 
a body formed with a slit 28A for accommodating the 
sucking nozzles 20. The slit 28A extends in a direction 
which agrees with the direction of movement of the 

25 sucking nozzles 20. Accordingly, the sucking nozzles 20 
can be moved along the slit 28A. The line sensor 28 
detects. the heights of electronic parts 150 held by the 
sucking nozzles 20 one after another. The line sensor 
28 outputs an electric signal to the controller 23 which 

30 represents the heights of the electronic parts 150 held 
- by the sucking nozzles 20. 

With reference to.Rgs.-6, 7, and 8, the table 
arrangement 6 includes a Y table 29 which is slidably 
supported by linear guides 31 fixed to a table base 30. 

35 The linear guides 31 correspond to the guide rails 7 in 
Fig. 1 . The table base 30 is attached to the base frame 
1 (see Fig. 2). The output shaft of a Y-axis motor 32 is 
coupled to the Y table 29 via a ball screw 33. The Y-axis 
motor 32 corresponds to the drive motor 14 in Fig. 3. 

40 The ball screw 33 corresponds to the ball screw 5 in Rg. 
3. As the output shaft of the Y-axis motor 32 rotates, the 
Y table 29 moves along the Y direction: The Y table 29 
can move back and fourth along the Y direction. The Y- 
axis motor 32 is controlled by an output signal of the 

45 controller 23 (see Fig. 1). Thus, the Y table 29 can be 
controlled by the controller 23. 

A sensor 39 attached to the table base 30 detects 
the Y origin with respect to the position of the Y table 29 
relative to the table base 30. The origin sensor 39 out- 

so puts an electric signal to the controller 23 (see Rg. 1) 
which contains information of the Y origin with respect 
to the position of the Y table 29 relative to the table base 
30. A Y origin detection plate 40 is attached to the Y 
table 29 at a position corresponding to the Y origin. 

55 When the Y origin detection plate 40 moves into align- 
ment with the origin sensor 39 and is sensed by the ori- 
gin sensor 39, the output signal of the origin sensor 39 
assumes a state indicating that the position , of the Y 
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table 29 relative to the table base 29 agrees with the Y 
origin. 

The table arrangement 6 includes a 6 frame or a 9 
table 34 fixed to the output shaft of a speed-reduction 
device 35. The speed-reduction device 35 has a casing s 
fixed to the Y table 29. An example of the speed-reduc- 
tion device 35 is a speed-reduction gear box. The input 
shaft of the speed-reduction device 35 is coupled to the 
outpuf shaft of a 0-axis motor 36 which has a casing 
attached to the Y table 29. Thus, theO frame 34 is con- 10 
nected via the speed-reduction device 35 to the 8-axis - ■• 
motor~36. As the output shaft of the e-axis motor 36 - 
rotates, the 6 frame 34 rotates relative to the Y table 29 
in a horizontal plane (that is, the 6 frame 34 moves in a 
6 direction). Specifically, the e frame 34 is able to rotate rs; 
about an axis perpendicular to both the X direction and ^ 5 
the Y direction. The 6-axis motor 36 is controlled by ah ' ; '* - 
output signal of the controller 23 (see Fig. 1). Thus, the 
9 frame 34 can be controlled by the controller 23 (see 1 
Fig. 1). The 6 frame 34 can move in the Y direction " so > 
together with the Y table 29. - ; ; ^ : 

A sensor 37 attached to the Y table 29 detects the 
6 origin with respect to the angular position 1 of the 8 
frame 34 relative to the Y table 29. When the 0 frame 34 
rotates relative to the Y table 29, the origin sensor 37 25 
remains stationary with respect to the Y table 29. The 
origin sensor 37 outputs an electric signal to the control- 
ler 23 (see Fig. 1) which contains information df the 8 
origin with respect to the angular position of the 0 frame 
34 relative to the Y table. A 6 origin detefctionplate 38 is 30 
attached to the 6 frame 34 at a position corresponding ' 
to the* 8 origin. The 0 origin detection plate 38 rotates 
together with the 0 frame 34. When the e origin detec- 
tion plate 38 moves into alignment or register with the 
origin sensor 37 and is sensed by the origin sensor 37, > 35 
the output signal of the origin sensor 37 assumes a 
state indicating that the angular position of the 0 frame 
34 relative to the Y table 29 agrees with the 6 origin. 

A rail frame 41 can move vertically while being 
guided by vertically-extending guides 42 fixed to the 8 40 
frame 34. The rail frame 41 is driven by an actuator or a 
cylinder 43 having a casing fixed to the table base 30. 
The rail frame 41 can move upward and downward at a 
position corresponding to the origin of the Y axis. The 
cylinder 43 is controlled in response to an output signal 45 
of the controller 23 (see Fig. 1); Thus, the rail frame 4V 
can be controlled by the controller 43 (see Fig. 1). For 
example, the cylinder 43 is of a pneumatic type, being . 
connected to a solenoid valve controlled by the control- 
ler 23 (see Fig. 1). ; so 

Vertically-extending backup pins 44 fit into holes in 
the 8 frame 34. The backup pins 44 support a printed 
circuit board 19 when the rail frame 41 moves down- 
ward. The bodies of bearings 45 are fixed to the rail 
frame .41. A fixed carrier rail 47 is provided on each of ss 
the bearings 45. A belt guiding pulley 48 is supported on 
the fixed carrier rail 47. The belt guiding pulley 48 . 
engages a carrier belt 46 which can, be driven by an . ( 
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externally-applied power for carrying the printed circuit 
board 19. The carrier belt 46 is guided by the fixed car- 
rier rail. 47 when being driven. 

A movable carrier rail 49 extends in parallel with the 
fixed carrier rail 47. The movable carrier rail 49 guides a 
carrier belt 50 which is in engagement with a belt guid- 
ing pulley 48. The belt guiding pulley 48 is supported on 
the movable carrier rail 49. The carrier belt 50 can be 
driven by an externally-applied power for carrying the 
printed circuit board 19. The movable carrier rail 49 is 
attached to nuts 52 engaging ball screws 51 provided 
on the rail frame 41. As the ball screws 51 rotate, the 
movable; carrier rail 49 moves toward or away from the 
the fixed carrier -rail 47. Generally, the position of the 
movable; carrier rail 49 is adjusted in accordance, with 
the size or; the width of a printed circuit board 19 : The 
printed circuit, board 19 can be carried by the carrier- 
belts 46 and 50 while opposite sides of the printed cir- 
cuit board 19 are supported. thereby. . 

A belt-driven rotating members supported on levers 
69 (only one of .which, is shown in Fig. 6) can couple with 
and uncouple from the belt guiding pulleys 48 in accord- 
ance with vertical movement of the fixed carrier rail 47 
and the movable carrier rail 49. When the rotating mem- 
bers on the levers 69 couple with the belt guiding put- 
leys 48, the rotating members rotate the belt guiding 
pulleys 48 so that the carrier belts 46 and 50 move. 
When the rotating members on the levers 69 uncouple 
from the belt guiding pulleys 48, the belt guiding pulleys, 
48 are released from the rotational forces. Therefore, 
the belt guiding pulleys 48 stop and also the carrier belts 
46 and 50 stop. 

The 'ball screws 51 are perpendicular to the fixed 
carrier.rail 47 and the movable carrier rail 49. Pulleys 53 
are attached to ends of the ball screws 51 , respectively. 
The pulleys 53 are connected by a timing belt 54. Thus, 
the ball screws 51 are connected to each other by the 
combination of the pulleys 53 and the timing belt 54. As 
one of the ball screws 51 is rotated, the other ball screw 
51 is also rotated. 

As previously explained, the bodies of the bearings 
45 are fixed to the rail frame 41 . A shaft 55 is rotatabiy 
supported by the bearings 45. Locating levers 57, 58, 
and 59 are supported on the shaft 55. The locating 
levers 57, 58, and 59 have pins 56 for locating the 
printed circuit board 19. The locating levers 57. and 58 
are fixed to the shaft 55. The locating levers 57 and 58 
provide references for locating the printed circuit board 
19. The position of the locating lever 59 relative to the 
shaft 55 is adjustable. The position of the locating lever 
59 is set in accordance with the size of the printed circuit 
board 19. 

A control lever 60 is fixed to a right-hand end of the 
shaft 55. When the rail frame 41 is in an elevated posi- 
tion, the control lever 60 can be driven or rotated by ah 
external power transmission member 61. The external 
power transmission member 61 connects with.an actu- 
ator or a cylinder (no reference numeral) which is cori- 
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trolled in response to an output signal of the controller 
23 (see Fig. 1). Thus, the control lever 60 and the exter- 
nal power transmission member 61 can be controlled by 
the controller 23 (see Fig. 1). As the control lever 60 is 
rotated by the external power transmission member 61 , 
the locating pins 57, 58, and 59 also rotate and hence 
release the printed circuit board 19. A tension spring 62 
is connected to the control lever 60. When the control 
lever 60 separates from the external power transmission 
member 61, the tension spring 62 returns the control 
lever 60 to its original position. At the same time, the 
locating levers 57, 58, and 59 are returned to their prig-, 
inal positions where the locating levers 57, 58, and 59 
support the printed circuit board 19. 

A detection plate 63 is attached to the control lever 
60. The detection plate 63 can be detected by a sensor 
(not shown) provided on another unit. This sensor out- 
puts a signal to the controller 23 (see Fig. 1) which con- 
tains information of the position of the control lever 60, 
that is, information of the positions of the locating levers 
57, 58, and 59. This information indicates whether the 
printed circuit board 19 is held by or released from the 
locating levers 57, 58, and 59. 

A stopper 64 is rotatably provided on a support 
frame 67 fixed to the base frame 1 (see Fig. 1). The 
stopper 64 can be driven by an actuator or a cylinder 65 
having a casing connected to the support frame 67 via 
a pin 66. The stopper 64 can rotate in directions 
denoted by the arrows "A" in Fig. 6. The cylinder 65 is 
controlled in response to an output signal of the control- 
ler 23 (see Fig. 1). Thus, the stopper 64 can be control- 
led by the controller 23 (see Fig. 1). For example, the 
cylinder 65 is of a pneumatic type, being connected to a 
solenoid valve controlled by the controller 23 (see Fig. 
1). As previously explained, the printed circuit board 19 
is carried by the carrier belts 46 and 50. The stopper 64 
serves to stop the printed circuit board 19 at a pre- 
scribed position. A sensor 68 attached to the support 
frame 67 serves to detect whether or not a printed cir- 
cuit board 19 is present in the prescribed position. An 
output signal of the sensor 68 is fed to the controller 23 
(see Fig. 1). 

As previously indicated, the controller 23 (see Fig. 
1) operates in accordance with the program. The pro- 
gram has an NC (numerical control) segment for placing 
or mounting electronic parts on a printed circuit board 
19 on the table arrangement 6. Also, the program has a 
segment for controlling the table arrangement 6. 
According to the table control segment of the program, 
the table arrangement 6 operates as follows. Alter elec- 
tronic parts are placed or mounted on a printed circuit 
board 19, the controller 23 controls the Y-axis motor 32 
and the 6-axis motor 36 in response to the output sig- 
nals of the sensors 37 and 39 so that the Y table 29 and 
the 6 frame 34 return to their origin-corresponding posi- 
tions respectively. Subsequently, the controller 23 con- 
trols the cylinder 43 so that the rail frame 41 is elevated. 
Therefore, the upper surfaces of the carrier belts 46 and 



50 guided by the fixed carrier rail 47 and the movable 
carrier rail 49 move upward to positions equal in height 
to effective planes of the loader 15 and the untoader 16 
(see Figs. 1, 2, and 3) for a printed circuit board 19 

5 which are located at left-hand and right-hand sides of 
the table arrangement 6. Then, the controller 23 con- 
trols the external power transmission member 61 so 
that the control lever 60 is rotated by the external power 
transmission member 61 . As a result, the printed circuit 

10 board 1 9 is released from the locating levers 57, 58, and 
59. 

As the rail frame 41 is elevated, the belt guiding pul- 
leys 48 couple with the rotating members on the levers 
69 so that the belt guiding pulleys 48 rotate in accord- 

15 ance with rotation of the rotating members on the levers 
69. Thus, the carrier belts 46 and 50 move so that the 
printed circuit board 19 is carried from the prescribed 
position. When the sensor 68 informs the controller 23 
that the printed circuit board 19 is absent from the pre- 

20 scribed position, the controller 23 controls the cylinder 
65 so that the stopper 64 enters a path of the feed of a 
printed circuit board 1 9. 

Then, the carrier belts 46 and 50 are loaded with a 
new printed circuit board 19 by the loader 15 (see Figs. 

25 1.2, and 3). As the new printed circuit board 19 is 
moved by the carrier belts 46 and 50, the new printed 
circuit board 19 encounters the stopper 64 and hence 
stops at the prescribed position. When the new printed 
circuit board 19 reaches the prescribed position, the 

30 sensor 68 detects that the new printed circuit board 19 
is present in the prescribed position. The controller 23 
controls the cylinder 43 in response to the output signal 
of the sensor 68 so that the rail frame 41 is lowered. As 
the rail frame 41 is lowered, the belt guiding pulleys 48 

35 uncouple from the rotating members on the levers 69. 
Thus, the carrier belts 46 and 50 stop. At the same time, 
the controller 23 controls the external power transmis- 
sion lever 61 in response to the output signal of the sen- 
sor 68 so that the external power transmission lever 61 

40 separates from the control lever 60. Thus, the tension 
spring: 62 forces the locating levers 57, 58, and 59 to 
hold the new printed circuit board 19. In this way, the 
new printed circuit board 19 is located at the suitable 
position. The sensor cooperating with the detection 

45 plate 63 informs the controller 23 that the new printed 
circuit board 19 is suitably located. Then, the controller 
23; controls the cylinder 65. so that the stopper 64 
returns to its inoperative position or its rest position. 
Subsequently, the controller 23 controls the cylinder 43 

so so that the rail frame 41 is lowered to a given position. 
.When the printed circuit board 19 has been 
replaced by a new one in this way, electronic parts are 
placed or mounted on the new printed circuit board 19 
according to the NC segment of the program. During the 

55 electronic-parts mounting process, the controller 23 
decides the postures, of electronic parts .held by the 
sucking nozzles 20 in response to the output signals of 
the electronic-parts recognizing sections 12 and 13. In 
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addition, the controller 23 calculates a corrective quan- 
tity of the position of the new printed circuit board 19 for 
each of the electronic parts in response to the decided 
posture thereof. Furthermore, the controller 23 corrects 1 
a first desired position of the new printed circuit board 5 
19 into a second desired position for each of the elec- 
tronic parts according to the calculated corrective quan- 
tity. During the' electronic-parts mounting process, the 
controller 23 controls the Y-axis motor 32 and the e-axis 
motor 36 so that the new printed circuit board 19 is 10 
moved to a position corresponding to the second 
desired position for each of the electronic parts. During 
the electronic-parts mounting process, the sucking noz- ^ 
zles 20 on the mounting heads 10 and 11 place or 
mount electronic parts on the new printed circuit board ♦ 75 
19. After the electronic parts have, been placed, or \ . 
mounted on the new printed circuit board 19, the. con- - 
trailer 23 returns the Y table 29 and the 8 frame '34 to 
their origin-corresponding positions respectively.^ A 
sequence of these processes is periodically reiterated^ -20 

The movements of the sucking nozzles 20 ' relative ~ 
to the bodies of the mounting heads 10 and i 1 are lim- 
ited to those in the upward and downward directions. 
The sucking nozzles 20 are inhibited from rotating. This 
design of the sucking nozzles 20 enables a good dura- 25 
bility of bearings for the sucking nozzles 20. 

With reference to Fig. 9, the unloader 16 for caring 
a printed circuit board 19 from the table arrangement 6, 
includes an unloader base 70 fixed to the base frame 1 
(see Fig. 1). The unloader 16 also includes a fixed car- 30 
rier rail 71 and a movable carrier rail 72 for carrying a 
printed circuit board 19. The fixed carrier rail 71 and the 
movable carrier rail 72 are located on an upper surface 
of the unloader base 70. The fixed carrier rail 7t and the* ' 
movable carrier rail 72 are parallel to each other. The 35 
movable carrier rail 72 can slide on a pair of guide rails 
73 toward and away from the fixed carrier rail 71; The 
position of the movable carrier rail 72 is adjusted in 
accordance with the size or the width of the printed cir- 
cuit board 19. The guide rails 73 are parallel to each 40 
other. The output shaft of a drive motor 74 connects with 
a pulley 75. A pulley 76 is rotatably provided on the 
unloader base 70. The pulleys 75 and 76 are connected 
by a belt 77. The movable carrier rail 72- is attached to 
the belt 77 by a connection member 78. As the pulley 75 45 
is rotated by the drive motor 74, the belt 77 moves and 
also the movable carrier rail 72 moves relative to the. 
fixed carrier rail 71 . 

The fixed carrier rail 71 serves to guide a carrier 
belt 80. The carrier belt 80 is driven by a motor 79 via a . so 
drive mechanism 81. In addition; the carrier belt 46 
associated with the fixed carrier rail 47 of the table 
arrangement 6 can be driven by the motor 79 via the 
drive mechanism 81. 

The movable carrier rail 72 serves to guide a carrier 55 
belt 83. The carrier belt 83 is driven by a motor 82 via a 
drive mechanism' 84. In addition, the carrier belt 50 
associated with the movable' carrier rail 49 of the table 



arrangement 6 can be driven by the motor 82 via the 
drive mechanism 84. 

The drive mechanisms 81 and 84 have similar 
structures. Therefore, only the drive mechanism 81 and 
related members will be explained in detail. As shown in 
Fig. 10, the drive mechanism 81 includes a roller 85 
attached to the output shaft of the motor 79. The drive 
mechanism 81 also includes a roller 87 connected to 
the roller 85 by a bett 86. As the roller 85 is driven by the 
motor 79, the belt 86 moves and the roller 87 rotates. 
The belt guiding pulley 48 in the table arrangement 6 
can move into and out of engagement with the roller 87. 
When the belt guiding pulley 48 moves into engagement 
with the roller 87, the belt guiding pulley 48 rotates in , 
accordance with rotation of the roller 87. When the belt 
guiding pulley 48 moves out of. engagement with the 
roller 87, the belt guiding pulley 48 is released from the 
rotational force. .The roller 87 is supported on the lever 
69. The belt guiding pulley 48 moves toward and away 
from the roller 87 in accordance with ; the vertical move- 
ment of the. roller 87, that is, the vertical movement of 
the rail frame 41. When the roller 87 is in engagement 
with the belt guiding pulley 48, a tension spring 88 con- 
nected to the lever 69 urges the roller 87 against the belt 
guiding pulley 48. 

As shown in Fig. 11. the drive mechanism 81 
includes a gear 89 attached to the output shaft of the 
motor 79. The drive mechanism 81 also includes a gear 

90 and a pulley 91. The gear 90 meshes with the gear 
89. The gear 89 and the pulley 91 are attached to a 
common shaft. The carrier belt 80 is supported by the 
pulley 91 and also pulleys 92. The pulleys 92 are sup- 
ported on opposite ends of the fixed carrier rail 71 (see 
Fig. 9), respectively. As the gear 89 is driven in a direc- 
tion "E" by the motor 79, the gear 90 and also the pulley 

91 rotate in a direction "G". An upper portion of the car- 
rier beft 80, moves along a direction "P in accordance 
with rotation of the pulley 91 . 

With reference to Figs. 9 and 12, for a printed circuit 
board 19 having a great width, the pulley 75 is rotated 
by the drive motor 74 in a direction "A" so that an upper 
portion of the belt 77 moves in a direction "C\ The mov- 
able carrier rail 72, which is attached to the upper por- 
tion of the belt 77 via the connection member 79, moves 
away from the fixed carrier rail 71 along the guide rails 
73 in accordance with the movement of the upper por- 
tion of the belt 77 in the direction "C. For a printed cir- 
cuit board 19 having a small width, the pulley 75 is 
rotated by the drive motor 74 in a direction "B" so that 
the upper portion of the belt 77 moves in a direction "D". 
The movable carrier rail 72 moves toward the fixed car- 
rier rail 71 along the guide rails 73 in accordance with 
the movement of the upper, portion of the belt 77 in the 
direction "DV 

During a time interval for the carry of a printed cir- 
cuit board 19, the rail frame 41 and the belt guiding pul- 
leys 48 are in their elevated positions as shown in Fig, 
13. During.other time intervals, the rail frame 41 and the 
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belt guiding pulleys 48 are in their lowered positions as 
shown in Fig. 10. With reference to Figs. 10 and 13, the 
belt guiding pulley 48 encounters the roller 87 of the 
drive mechanism 81 when moving upward. The tension 
spring 88 connected to the roller 87 via the lever 69 5 
absorbs a shock on the roller 87 when a contact portion 
48a of the belt guiding pulley 48 meets a contact portion 
87a of the roller 87. As the motor 79 rotates the roller 85 
in a direction "E", the belt 86 moves and hence the roller 
87 rotates. When the contact portion 87a of the roller 87 w 
remains in engagement with the contact portion 48a of 
the belt guiding pulley 48, the belt guiding pulley 48 
rotates in accordance with rotation of the roller 87. The 
carrier belt 46 in the table arrangement 6 moves as the . 
belt guiding pulley 48 rotates. •. 75. 

The mounting heads 10 and 11 have similar struc- 
tures. Therefore, only the mounting head 10 will be " 
explained in detail. As shown in Fig. 14, the mounting 
head 10 includes a plurality of sliding shafts 94 holding 
the sucking nozzles 20 respectively. The sliding shafts ' 20 
94 are arranged in a line. The sliding shafts 94 are mov- 
ably connected to a holder 96 fixed to a mounting-head 
frame 95. The sliding shafts 94 can move upward and 
downward relative to the holder 96 along axial directions 
thereof. The sucking nozzles 20 move vertically 25 
together with the sliding shafts 94. Pins 97 fixed to the 
holder 96 engage the sliding shafts 94 respectively. The 
pins 97 inhibit the sliding shafts 94 from rotating circum- 
ferentially. 

The mounting head 10 includes a motor 98 having 30 
a casing fixed to the mounting-head frame 95. The 
motor 98 is controlled in response to an output signal of 
the controller 23 (see Fig. 1). A cam 99 is attached to - 
the output shaft of the motor 98 Cam followers 100 
engage the cam 99. The cam followers 100 are con- 35 
nected to a plate 102 movably supported on the mount- 
ing-head frame 95 via a slider 101. The plate 102 can ' 
move upward and downward relative to the mounting- 
head frame 95. An engagement member 103 fixed to 
the plate 102 has grooves into which upper ends of the 40 
sliding shafts 94 fit respectively. Compression springs 
104 urge the sliding shafts 94 downward, respectively. 
Actuators or solenoids 105 are connected to the upper 
ends of the sliding shafts 94 via blocks 106 respectively. 
The solenoids 105 are controlled by output signals of 45 
the controller 23 (see Fig. 1). 

With reference to Figs. 14, 15, and 16, as the cam 
99 is rotated by the motor 98, the cam followers 100 
move downward and also the plate 1 02 moves down- 
ward. As shown in Fig. 17, the sliding shafts 94 are in so 
their uppermost positions when the plate 102 is in its 
uppermost position. The solenoids 105 hold the sliding 
shafts 94 at their uppermost positions when the sole- 
noids 1 05 are In their on statea When the solenoids 1 05 
are in their off states, the sliding shafts 94 can move ss 
upward and downward. With reference to Fig. 18, under 
conditions where the solenoids 105 are in their off 
states, as trie plate 102 and the engagement member 



103 move downward, the engagement member 103 
presses the compression springs 104 downward and 
hence the sliding shafts 94 move downward. With refer- 
ence to Fig. 19, under conditions where the solenoids 
105 are in their on states, as the plate 102 and the 
engagement member 103 move downward, the 
engagement member 103 presses the compression 
springs 104 downward but the sliding shafts 34 remain 
in their uppermost positions. Accordingly, downward 
movement (vertical movement) of each of the sliding 
shaft 94 is selectively permitted and inhibited when the 
related solenoid 105 is in its off state and its on state 
respectively. In other words, each of the sliding shafts 
94 can be changed between a drivable state and a rest 
state by controlling the related solenoid 105. As shown 
in Fig. 20, only arbitrary one of the sliding shafts 94 can 
be moved downward by suitably controlling the sole- 
noids 105. - 

As previously indicated, the sucking nozzles 20 
move vertically together with the sliding shafts 94. The 
controller, 23 (see Fig. 1) has the function of varying 
lower limit positions of the sucking nozzles 20 by con- 
trolling a range of rotation of the output shaft of the 
motor 98 with respect to the cam 99. 

In the case where the solenoids 105 are in their off 
states, the sliding shafts 94 move downward as the cam 
99 rotates. With reference to Fig. 21, under conditions 
where the cam 99 rotates at a constant speed, the 
downward displacement of each of the sliding shafts 94 
increases at a . varying rate as time goes by. The shape 
or profile of the cam 99 is designed so that the vertical 
speed of the sliding shaft 94 will be low when the sliding 
shaft 94 is close to its uppermost position or its lower- 
most position. This design enables electronic parts 150 
to be gently or softly mounted on a printed circuit board 
19. The shape or profile of the cam 99 is preferably 
designed to provide a great mean of the vertical speed 
of the sliding shaft 94. 

The lower limit position of each of the sliding shafts 
94 depends on the thickness of electronic parts 150. 
The electronic-parts recognizing sections 12 and 13 
inform the controller 23 of the thickness of the electronic 
parts 150. It is preferable that the controller 23 controls 
the rotational speed of the motor 98 in response to the 
thickness of the electronic parts 150 to adjust the verti- 
cal speed of the sliding shaft 94. According to the 
adjustment of the vertical speed of the sliding shaft 94, 
the electronic parts 150 can be softly mounted on a 
printed circuit board 19. 

Overall operation of the electronic-parts mounting 
apparatus will be explained hereinafter. The overall 
operation of the electronic-parts mounting apparatus, is 
controlled by the controller 23 (see Fig. 1). As shown in 
Fig. 22, while the mounting head 1 1 places electronic 
parts 150 on a printed circuit board 19 on the table 
arrangement 6, the mounting head 10 is controlled by 
the. controller 23 so that the mounting head 10 is moved 
along the X direction , to . a predetermined position 
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related to the cassettes 4 in the electronic-parts feeder 
2. The feeding device 21 actuates levers (not shown) of 
the cassettes 4, and hence opens shutters thereof. The 
mounting head 10 is controlled by the controller 23 so 
that the sucking nozzles 20 thereon move downward 
and access electronic parts 150 in the cassettes 4 via 
the opened shutters. The sucking nozzles 20 on the - 
mounting head 10 pick up the electronic parts 150, and 
then move upward. 

Subsequently, as shown in Fig. 23, the mounting "' 
head 10 is controlled by the controller 23 so that the 
mounting head 10 moves along the X direction to the ' 
electronic-parts recognizing section 12. It should be 
noted that the sucking nozzles 20 on the mounting head • 
10 hold the electronic parts 150. The electroriic^parts J 
recognizing section 12 detects conditions of the : elec-^' 
tronic parts 150 held by the sucking nozzles 20 on the 
mounting head 10. The detected conditions of the elec- 
tronic parts 150 include heights and postures of the 
electronic parts 150. The electronic-parts recognizing * 
section 1 2 informs the controller 23 of the detected con- 
ditions of the electronic parts 150 held by the' sucking 
nozzleis 20 on the mounting head 10. The controller : 23 
calculates an error between a predetermined reference 
position and the detected position of each of the elec- 
tronic parts 150. The controller 23 stores date repre- 
sentative of the calculated positional error in the internal 
RAM. 

As shown in Fig. 24, after the mounting head 1 1 
completes the electronic-parts mounting process,- the 
mounting head 11 is controlled by the controller 23 so 
that the mounting head 1 1 moves from the position 
above the table arrangement 6. Simultaneously, the'- 
mounting head 10 is controlled by the controller 23 so . 
that the mounting head 10 moves along the X direction 
to a position above the table arrangement 6. For each of 
the electronic parts 150, the controller 23 controls the 
position of the mounting head 10 above the table 
arrangement 6 in response to the calculated positional 
error. Then, the sucking nozzles 20 on the mounting 
head 10 are controlled by the controller 23 so that the 
sucking nozzles 20 move downward by distances 
depending on the detected heights of the electronic 
parts 150. The sucking nozzles 20 on the mounting 
head 10 place or mount the electronic parts 150 on the 
printed circuit board 19. While the mounting head 10 
implements the electronic-parts mounting process, the 
mounting head 11 is controlled by the controller 23 so 
that the mounting head 1 1 is moved along the X direc- 
tion to a predetermined position related to the cassettes 
4 in the electronic-parts feeder 3. The feeding device 22', 
actuates levers (not shown) of the cassettes 4 and 
hence opens shutters thereof. The mounting head 1 1 is 
controlled by the controller 23 so that the sucking noz- 
zles 20 thereon move downward and access electronic 
parts 150 in the cassettes 4 via the opened shutters. 
The sucking nozzles 20 on the mounting head' 11 pick 
up the electronic parts -150, and then move upward. 
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Subsequently, as shown in Fig. 25, the mounting 
head 11 is controlled by the controller 23 so that the 
mounting head 1 1 moves along the X direction to the 
electronic-parts recognizing section 13. It should be 
noted that the sucking nozzles 20 on the mounting head 
11 hold the electronic parts 150. The electronic-parts 
recognizing section 13 detects conditions of the elec- 
tronic parts 150 held by the sucking nozzles 20 on the 
mounting head 1 1 . The detected conditions of the elec- 
tronic parts 150 include heights and postures of the 
electronic parts 150. The electronic-parts recognizing 
section 13 informs the controller 23 of the detected con- 
ditions^ the electronic parts 150 held by the sucking 
nozzles'20 on the mounting head 1 1 . The controller 23 
calculates an error between a predetermined reference 
position and the detected position of each of the elec- 
tronic parts, 150. The .controller 23 stores data repre- 
sentative of the calculated positional error in the internal 
RAM.^|> vl< ■ . : 'f. 

A sequence of these processes is periodically reit- 
erated so that the electronic parts 150 are successively 
mounted on the printed circuit board 19 by the mounting 
headslO and 11. The mounting heads 10 and 1 1 alter- 
nately implement the electronic-parts mounting proc- 
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As previously indicated, electronic components 150 
unacceptably held by the sucking nozzles 20 on the 
mounting heads 10 and 11 are removed from normal 
feed paths via the defective-parts removing sections 17 
and 18. The defective-parts removing processes related 
to the defective-parts removing sections 17 and 18 are 
similar to each other. Therefore, only the defective-parts 
removing process related to the defective-parts remov- 
ing section 1 7 will be explained hereinafter. 

As shown in Fig. 26, while the mounting head 11 
places electronic parts 150 on a printed circuit board 19 
on the table arrangement 6, the mounting head 10 is 
controlled by the controller 23 so that the mounting 
head 10 is moved along the X direction to the predeter- 
mined position related to the cassettes 4 in the elec- 
tronic-parts feeder 2. The feeding device 21 actuates 
the levers of the cassettes 4, and hence opens the shut- 
ters thereof. The mounting head 10 is controlled by the 
controller 23 so that the sucking nozzles 20 thereon 
move downward and access electronic parts 150 in the 
cassettes 4 via the opened shutters. The sucking noz- 
zles 20 on the mounting head 10 pick up the electronic 
parts 1 50, and then move upward. 

Subsequently, as shown in Fig. 27, the mounting 
head 10 is controlled by the controller 23 so that the 
mounting head 10 moves along the X direction to the 
electronic-parts recognizing section 12. It should be t 
noted that the sucking nozzles 20 on the mounting head 
10 hold the electronic parts 150. The electronic-parts 
recognizing section 12 detects conditions of the elec- 
tronic parts 150 held by the-sucking nozzles 20 on the 
mounting.head 10. The detected conditions of the elec- 
tronic parts 150 include heights and postures of. the 
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electronic parts 150. The electronic-parts recognizing 
section 12 informs the controller 23 of the detected con- 
ditions of the electronic parts 150 held by the sucking 
nozzles 20 on the mounting head 10. The controller 23 
decides whether or not the sucking nozzles 20 on the 5 
mounting head 10 fan to hold the electronic parts 150 in 
response to the detected conditions of the electronic 
parts 150. When it is decided that the sucking nozzles 
20 on the mounting head 10 fail to hold the electronic 
parts 150, the mounting head 10 is controlled by the w 
controller 23 so that the mounting head 10 returns from 
the electronic-parts recognizing section 1 2 to the prede- 
termined position related to the cassettes 4 in the elec- 
tronic-parts feeder 2. Then, the mounting head lOus 
controlled by the controller 23 so that the mounting 15 
head 1 0 repeats a process of picking up electronic com- , 
ponerrts 1 50 from the cassettes 4 in the electronic-parts 
feeder 2. Subsequently, the mounting head 10 is con- < 
trolled by the controller 23 so that the mounting head 1 0 
moves to the electronic-parts recognizing section 12 20 
again. The electronic-parts recognizing section 12 
detects conditions of the electronic parts 1 50 held by > 
the sucking nozzles 20 on the mounting head 10: As : 
long as the sucking nozzles 20 on the mounting head 10 
tail to hold the electronic parts 1 50, a sequence of these 25 
processes is periodically repeated and the controller 23 - 
counts the number of the repetition. When the number 
of the repetition reaches a predetermined number, the . 
controller 23 indicates a message on its display. The 
message means that electronic parts 150 have been 30 
exhausted. 

The controller 23 decides whether or not each of 
the electronic parts 150 is normally held by the related 
sucking nozzle 20 on the mounting head 10 in response 
to the detected conditions of the electronic parts 150: 35 
When it is decided that at least one of the electronic 
parts 150 is not normally held by the related sucking 
nozzle 20 on the mounting head 10, the mounting head 
1 0 is controlled by the controller 23 so that the mounting 
head 10 moves to the defective-parts removing section 40 
17 as shown in Fig. 28. Then, the mounting head 10 is 
controlled by the controller 23 so that the mounting 
head 10 discharges the abnormally-held electronic 
parts 150 to the defective-parts removing section 17. 
Subsequently, the mounting head 1 0 is controlled by the 45 
controller 23 so that the mounting head 1 0 returns to the 
predetermined position related to the cassettes 4 in the 
electronic-parts feeder 2 as shown in Fig. 29. In addi- 
tion, the mounting head 10 is controlled by the controller 
23 so that the unlpaded sucking nozzle or nozzles 20 on so 
the mounting head 1 0 repeat a process of picking up 
electronic parts 150 from the cassettes 4 in the elec- 
tronic-parts feeder 2. Then, the mounting head 10 is 
controlled by the controller 23 so that the mounting 
head 10 moves to the electronic-parts recognizing sec- ss 
tion 12 again. The electronic-parts recognizing section 
1 2 detects conditions of the electronic parts 1 50 held by 
the sucking nozzles 20 on the mounting head 10. 



During the electronic-parts mounting process, the 
relative position between each of electronic parts 150 
on the mounting head 10 and a printed circuit board 19 
on the table arrangement 6 is finely controlled or 
adjusted as follows. With reference to Fig. 30, the elec- 
tronic-parts recognizing section 12 detects conditions of 
electronic parts 150 held by the sucking nozzles 20 on 
the mounting head 10. The detected conditions of the 
electronic parts 150 include heights and postures of the 
electronic parts 150. The electronic-parts recognizing 
section 12 informs the controller 23 of the detected con- 
ditions of the electronic parts 150 held by the sucking 
nozzles 20 on the mounting head 10. The controller 23 
calculates an error between a predetermined reference 
position and the detected position of each of the elec- 
tronic parts 150. The calculated positional error has 
components related to the X direction, the Y direction, 
and the 0 direction, respectively. The controller 23 
stores date representative of the calculated positional 
error in the internal RAM. As shown in Fig. 31, the 
mounting head 10 is controlled by the controller 23 so 
that the mounting head 10 moves to a position above 
the table arrangement 6. For each of the electronic 
parts 1 50, ;the controller 23 finely controls the position of 
the mounting head . 10 above the table arrangement 6 in 
response to the X-direction component of the calculated 
positional error. In addition, the controller 23 finely con- 
trols the position of the Y table 29 of the table arrange- 
ment 6 in response to the Y-direction component of the 
calculated positional error. Furthermore, the controller 
23 finely controls the position of the 6 frame 34 of the 
table arrangement 6 in response to the 6-direction com- 
ponent of the calculated positional error. As a result the 
positional error of each of the electronic parts 150 held 
by the sucking nozzles 20 on the mounting head 10 is 
corrected. Similarly, a positional error of each of elec- 
tronic parts 150 held by the sucking nozzles 20 on the 
mounting head 1 1. is corrected. 

Second Embodiment 

A second embodiment of this invention is similar to 
the first embodiment thereof except for design changes 
indicated hereinafter. 

With reference to Fig. 32, the second embodiment 
of this invention includes a sucking nozzle 20 which is 
movably connected to a sliding shaft 94. Normally the 
sucking nozzle 20 moves together with the sliding shaft 
94. The sucking nozzle 20 can move axially or vertically 
relative to the sliding shaft 94. A compression spring 
1 07 disposed in a space in the sliding shaft 94 urges the 
sucking nozzle 20 downward relative to the sliding shaft 
94. • -•* , ... 

As shown in Fig. 33, the sucking nozzle 20 can., 
move relative to the sliding shaft 94 against the force of 
the compression spring 107. This design is advanta-.. 
geous in absorbing a shock when the sucking nozzle 20 
meets an electronic component 150. . 



23 



EP 0 854 670 A1 



24 



As shown in Fig. 34, the upper surfaces of elec- 
tronic components (electronic parts) 150A, 150B, and 
1 50C of different types are in different height positions. 
Specifically, the upper surface of the electronic compo- 
nent 150 A is in the highest position. The upper surface 5 
of the electronic component 150B is in the second high- 
est position. The upper surface of the electronic compo- 
nent 150C is in the lowest position. 

The controller 23 (see Fig. 1) separates the elec- 
tronic-components 150 A, 150B, and 150C into a group 10 
or groups according to the height positions thereof. A 
difference between the height positions of the upper 
surfaces of the electronic components in each group " 
corresponds to less than the possible vertical displace- :-; 
ment of the sucking nozzles 20A, 20B. and 20C relative: 75. 
to the sliding shafts 94. The electronic components- - ? 
150A and 150B are in a first group while the electronic 
component 150C is in a second group. 

Firstly, the controller 23 (see Fig. 1) sets the lower 
limit position of the sucking nozzles 20A and 20B:in* 20 
accordance with the lowest position among the height ^ 
positions of the upper surfaces of the electronic compo- 
nents 150A and 150B in the first group. Specifically/the 
lower limit position of the sucking nozzles 20 A*and 20B 
is set in accordance with the height position of the upper 25 
surface of the electronic component 150B. The control- ; 
ler 23 (see Fig. 1) controls the sliding shafts 94 so that 
the sucking nozzles 20A and 20B related tothe elec- 
tronic components 150A and 150B in the first group 
move downward while the sucking nozzle 20C related to 30 
the electronic component 150C remains at its upper- ; 
mostposition asshown in Fig. 35. The sucking nozzle 
20A meets the electronic component 150A before the . 
sucking nozzle 20B reaches the lower limit position; 
When"' the sucking nozzle 20A meets the electronic 35 
component 150A, the sucking nozzle 20 A starts to 
move relative to the related sliding shaft 94 against the 
force of the spring 107. Thus, a shock on the sucking - 
nozzle 20Acan be absorbed. Then, as shown in Fig. 36, 
the sucking nozzles 20A and 20B pick up the electronic 40 
components 150 A and 1 SOB respectively. The controller 
23 (see Fig. 1) controls the sliding shafts 94 so that the 
sucking nozzles 20 A and 20B with the . electronic com- 
ponents 1 50 A and 1 SOB move upward to the upper limit 
position. 45 

Subsequently, the controller 23 (see Fig. 1) sets the 
lower limit position of the sucking nozzle 20C in accord- 
ance with the height position of the upper surface of the 
electronic component 150C. The controller 23 (see Fig. t 
1) controls the sliding shaft 94 related to the sucking ,, so 
nozzle 20C so that the sucking nozzle 20C moves 
downward to the lower limit position as shown in Fig. 37. 
Then, as shown in Fig. 38, the sucking nozzle 20C picks 
up the electronic component 150C. The controller 23 
(see Fig.- 1) controls the sliding shaft 94. so that the ss 
sucking nozzle 20C with the electronic component . 
150C moves upward to the upper limit position. In this 
way, the electronic components. 150A.150B, and 150C 



are picked up and held by the sucking nozzles 20A, 
20B, and 20C respectively. 

Third Embodiment 

A third errrbodiment of this invention is similar to the 
second embodiment thereof except for design changes 
indicated later. 

As shown in Fig. 39. the upper surfaces of elec- 
tronic components (electronic parts) 150A, 150B, and 
150C of different types are in different height positions. 
Specifically, the upper surface of the electronic compo- 
nent 150A is in the highest position. The upper surface 
of the electronic component 1 SOB is in the second high- 
est position. The upper surface of the electronic compo- ? 
nent 150C is in the lowest position. 

The controller 23 (see Fig. 1) separates the elec- 
tronic components. 150A, 150B, and 150C into a group 
or groups according to the. height positions thereof. It is 
preferable; that, a difference between the height posi- 
tions of the upper surfaces of the electronic components 
in each group corresponds to less than the possible ver- 
tical displacement of the sucking nozzles 20 A, 20B, and 
20C relative to the sliding shafts 94. The electronic com- 
ponents 150A and 1S0B are in a first group while the 
electronic component 150C is in a second group.. 

Firstly, the confroller 23 (see Fig. 1) sets the lower 
limit position of the sucking nozzles 20 A and 20B in 
accordance with the lowest position among the height 
positions of the upper surfaces of the electronic compo- 
nents 150A and 150B in the first group. Specifically, the 
lower limit position of the sucking nozzles 20A and 20B 
is set in accordance with the height position of the upper 
surface of the electronic component 150B. The control- 
ler 23 (see Fig. 1) controls the sliding shafts 94 so that 
alt the sucking nozzles 20A, 20B, and 20C related to the 
electronic components 150 A, 150B. and 150C move 
downward as shown in Fig. 40. The sucking nozzle 20A 
meets the electronic component 150A before the suck- 
ing nozzle 20B reaches the lower limit position. When 
the sucking nozzle 20A meets the electronic component 
150A, the sucking nozzle 20A starts to move relative to 
the related sliding shaft 94 against the force of the 
spring 107. Thus, a shock on the sucking nozzle 20A 
can be absorbed. The sucking nozzle 20C remains out 
of contact with the electronic component 1 50C although 
the sucking nozzle 20C moves downward to the lower 
limit position. 

Subsequently, the controller 23 (see Fig. 1 ) sets the 
lower limit position of the sucking nozzle 20C in accord- 
ance with the height position of the upper surface of the 
electronic component 150C. The controller 23 (see Fig. 
1) controls the sliding shafts 94 related to the sucking 
nozzles 20A, 20B, and 20C so that the sucking nozzle 
20C moves downward to the lower limit position while 
the sucking nozzles 20A and 20.B remain in contact with 
the electronic components 150A arid 150B as shown in 
Fig. 41. During this period, the sucking nozzles 20A and 
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20B move relative to the related sliding shafts 94 
against the forces of the springs 1 07 while remaining in 
contact with the electronic components 1 50A and 1 50B. 
Then, as shewn in Fig. 42, the sucking nozzles 20A, 
20B. and 20C pick up the electronic components 150 A, 
150B, and 150C. The controller 23 (see Fig. 1) controls 
the sliding shafts 94 so that the sucking nozzles 20A, 
20B, and 20C with the electronic components 150A, 
150B, and 150C move upward to the upper limit posi- 
tion. In this way, the electronic components 1 50A, 1 50B, 
and 150C are picked up and held by the sucking noz- 
zles 20A, 20B, and 20C respectively. . . 

Claims 

1. An electronic-parts mounting apparatus compris- 
ing: 

cassettes containing electronic parts;-;, v , 
first and second feeders for feeding the elec- 
tronic parts from the cassettes; 
a first mounting head having sucking nozzles 
for picking up the electronic parts fed by the 
first feeder; 

a second mounting head having sucking noz- 
zles for picking up the electronic parts fed by 
the second feeder; 

a table arrangement for holding a printed circuit 
board; 

first means for alternately moving the first and 
second mounting heads along a first direction 
to a region corresponding to a position of the 
printed circuit board on the table arrangement; 
second means contained in the table arrange- 
ment for moving the printed circuit board on the 
table arrangement in a second direction per- 
pendicular to the first direction; 
third means contained in the table arrangement 
for rotating the printed circuit board on the table 
arrangement about an axis perpendicular to 
both the first and second directions; 
fourth means for allowing the sucking nozzles 
of the first mounting head to place the elec- 
tronic parts on the printed circuit board on the 
table arrangement when the first mounting 
head is in the region; and 
fifth means for allowing the sucking nozzles of 
the second mounting head to place the elec- 
tronic parts on the printed circuit board on the 
table arrangement when the second mounting 
head is in the region. 

2. An electronic-parts mounting apparatus as recited 
in claim 1, further comprising: 

sixth means for detecting whether or. not the 
sucking nozzles of the first mounting head fail 
to pick up the electronic parts, for detecting 



postures of the electronic parts held by the 
sucking nozzles of the first mounting head, and 
for detecting heights of the electronic parts 
held by the sucking nozzles of the first mount- 
5 ing head; and 

seventh means for detecting whether or not the 
sucking nozzles of the second mounting head 
fail to pick up the electronic parts, for detecting 
postures of the electronic parts held by the 
io sucking nozzles of the second mounting head, 

. and for detecting heights of the electronic parts 
.. . held by the sucking nozzles of the second 
- mounting head. 

15 3. An electronic-parts mounting apparatus as recited 
in claim 1, wherein the table arrangement com- 
prises a motor, a speed-reduction device con- 
nected to an output shaft of the motor, a table 
connected to the speed-reduction device and rotat- 

20 ing as the output shaft of the motor rotates, and a 
holding member connected to the table for holding 
the printed circuit board. 

4. An electronic-parts mounting apparatus as recited 
25 in claim 3, wherein the table arrangement further 

comprises means for carrying the printed circuit 
, board to and from the holding member, and means 
for locating the printed circuit board on the holding 
member. . 

30 • 

5. An electronic-parts mounting apparatus as recited 
in claim 1, further comprising a printed-circurt- 
board feeder for feeding the printed circuit board to 
the table arrangement, and a printed-circuit-board 

35 carrier for carrying the printed circuit from the table 
arrangement. 

6. An electronic-parts mounting apparatus as recited 
in claim 1 , further comprising a motor, and a power 

40 transmission mechanism connected between the 
motor and the printed-circuit-board feeder. 

7. An electronic-parts mounting apparatus as recited 
in claim 5, wherein the printed-circuit-board feeder 

45 comprises guide members for guiding opposite 
sides of the printed circuit board, respectively. 

8. An electronic-parts mounting apparatus as recited 
in claim 4, further comprising a motor, and a power 

so. , transmission mechanism connected between the 
motor and the locating means in the table arrange- 
ment. 

9. An electronic-parts mounting apparatus as recited 
55 in claim 5, further comprising a stopper for stopping 

the printed circuit board at a predetermined position 
above the table arrangement which is fed by the 
printed-circuit-board feeder. 
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10. An electronic-parts mounting apparatus as recited 
in claim 1, wherein the cassettes comprise a bulk- 
type cassette containing electronic parts in bulk, 
and a taping-type cassette containing chip-type 
electronic parts attached to a tape at given inter- 
vals. 

11. An electronic-parts mounting apparatus as recited 
in claim 1, wherein the sucking nozzles of the'sec- 
ond mounting head places the electronic parts on 
the printed circuit board on the table arrangement 
while the sucking nozzles of the first mounting head 
pick up the electronic parts fed by the first feeder, 
and wherein the sucking nozzles of the first mount- 
ing head places the electronic parts on the printed 
circuit board on the table arrangement while the 
sucking nozzles of the second mounting head pick 
up the electronic parts fed by the second feeder. ' 

12. An electronic-parts mounting apparatus as recited 
in claim 1, wherein the sucking nozzles of the first 
and second mounting heads are arranged at a pitch 
corresponding to a pitch between paths of feed of 
electronic parts from the cassettes. 

13. An electronic-parts mounting apparatus as recited 
in claim 1, wherein each of the first and second 
mounting heads comprises a motor, a cam member 
connected to an output shaft of the motor, a cam 
follower engaging the cam member, a plate con- 
nected to the cam follower and holding the sucking 
nozzles, the sucking nozzles being elevated and 
lowered as the output shaft of the motor rotates. 

14. An electronic-parts mounting apparatus as recited 
in claim 13, further comprising means for varying 
lower limit positions of the sucking nozzles by con- 
trolling a range of rotation of the output shaft of the 
motor with respect to the cam member. 

15. An electronic-parts mounting apparatuses recited 
in claim 13, wherein a speed of movement of the 
sucking nozzles is low when the sucking nozzles 
are positionally close to their upper limit positions 
and their lower limit positions. 



16. An electronic-parts mounting apparatus as recited 
in claim 13, further comprising means for control- 
ling a speed of rotation of the output shaft of the 
motor. 50 



17. An electronic-parts mounting apparatus as recited 
in claim 1 , further comprising means for simultane- 
ously elevating and lowering the sucking nozzles of 
the first mounting head, and means for simultane- 
ously elevating and lowering the sucking nozzles of 
the second mounting heads. 



18. An electronic-parts mounting apparatus as recited 
in claim 1, further comprising means for sequen- 
tially elevating and lowering the sucking nozzles of 
the first mounting head at different timings, and 

5 means for sequentially elevating and lowering the 
sucking nozzles of the second mounting heads at 
different timings. 

19. An electronic-parts mounting apparatus as recited 
io in claim 1 , further comprising: 

sixth means for selecting at least one sucking 
nozzle from among the sucking nozzles of the 
first mounting head; 
is seventh means for elevating and lowering the 
selected sucking nozzle jaf the first mou nting 
head; 

ghtfimeahs for selecting-at-least-one-sucking 
n ozzielrorfTamong the sucking nozzl es of the 
20 ^ s econd mounting head ;_and 

nin th means _for_^el.eyating_ahdJowering the 
• select ed sucking nozzle of the secon d mount- 
in g head. 

25 20. An electronic-parts mounting apparatus as recited 
in claim 19, further comprising: 

tenth means for inhibiting sucking nozzles of 
the first mounting head which are not selected 

30 by the sixth means from being elevated and 

lowered by the seventh means; and 
eleventh means for inhibiting sucking nozzles 
of the second mounting head which are not 
selected by the eighth means from being ele- 

35 - vated and lowered by the ninth means. 

21. An electronic-parts mounting apparatus as recited 
in claim 13, further comprising springs connected 
to the sucking nozzles of the first and second 

40 mounting heads for urging the sucking nozzles 
downward. 

22. An electronic-parts mounting apparatus as recited 
in claim 1, further comprising: 

45 

sixth means for detecting whether or not each 
of the electronic parts is normally held by the 
related sucking nozzle of the first mounting 
head; 

seventh means for removing the electronic 
parts from the related sucking nozzles which 
are detected by the sixth means to be not nor- 
mally held by the related sucking nozzles; 
eighth means for detecting whether or not each 
55 of the electronic parts is normally held by the 

related sucking nozzle of the second . mounting 
: head; and , - . 

: * - ■ ninth means for removing the electronic parts 
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from the related sucking nozzles which are 
detected by the eighth means to be not nor- 
mally held by the related sucking nozzles. 
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